A number of fused 4-oxo-1,3-diazabicyclo[4.1.0]heptane-6-carboxylates, a new type of compound, have been obtained by Diels-Alder cycloaddition between nucleophilic 2-azadienes and an electrophilic 2H-azirine. The reactions are completely endo-and regioselective, the azirine being added by its less hindered face to the diene. There are two isomers 7 and 8 formed from dienes 1 due either to isomerization of the cycloadducts 7 and 8 or by isomerization of the C=N bond of the diene during the reaction. The isomer 10 is formed from diene 2e, and a single diastereoisomer structure 4a-i is formed from dienes 11. Some pyrimidones 8a,7c/8c, 7e, 10, 11d have been hydrolyzed leading to functionalised aziridines 12, 13 and 15.
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Introduction
Methyl 2-(2,6-dichlorophenyl)-2H-azirine-3-carboxylate 6 has been reacted with dienes 1, 2 [1] and 4. It had been obtained before by pyrolysis of the methyl 3-(2,6-dichlorophenyl) α-azidopropenate [2] and used in [4+2] π cycloaddition with commercial dienes. Reactions occur at room temperature with excellent stereoselectivity, being endo [3] to carbodienes and exo [4] to furan and diphenylisobenzofuran. The 2-azadienes were obtained according to methodology developed by Ghosez [5] from acylimidates and tert-butyldimethylsilyl triflates for [a] Departamento de Química, Universidade do Minho, Campus de Gualtar, 4710-057 Braga, Portugal; Fax nº: 00 351 (2)53 678983 Email: mja@quimica.uminho.pt compounds 1 and 2, and from LiHMDS, trimethylsilyl chloride and triethylamine in one pot reaction for compounds 4. [5] Nucleophilic 2-azadienes of this type had been combined with a range of electron poor dienophiles, such as aldehydes, [6a-b] nitroso compounds, [7, 8, 9] olefinic compounds, [10] naphthoquinones, [11] quinones, [12] activated acetylenic dienophiles, [12, 13] and activated nitriles, [12] in order to obtain the 6 membered ring compounds or their hydrolysis derivatives. A chiral nitroso compound was employed giving cycloadducts with high facial selectivity. [9] Also, activated olefinic dienophiles were used together with nucleophilic 2-azadienes in the presence of a chiral copper(II) complex to give enantiomerically pure piperidones. [14] The results we now report were obtained by Diels-Alder cycloaddition between electrophilic 2H-azirine 6 and the nucleophilic 2-azadiens 1, 2 and 4. The literature contains examples of the cycloaddition of electron poor 2-azadienes to simple imines and to an azirine [15] but this work represents the first examples of normal electron demanding cycloadditions between 2-azadienes and an azirine.
Results and Discussion

Synthesis of 2-Azadienes
From imidates
The 2-azadienes 1 and 2 were obtained in two steps according to the procedure devised by Ghosez et al. for this type of compound. Commercial imidates and acid chlorides were mixed together in dry DCM and over N 2 , to form the acylimidates 3 as intermediates. The acylimidates were further silylated in ether in the presence of tertbutyldimethylsilyl chloride. Products were obtained in good yields (Scheme 1) contaminated with N-acylimidate, according to 1 H NMR spectra, and were used without purification in the synthesis of cycloadducts.
Scheme 1
Compounds 1a and 1b have been prepared previously. Compound 1b was shown to have the Z configuration for the C-3 to C-4 bond [5] . Compounds 1c and 1d are new compounds and the same configuration is assigned. In solution compounds 1b-d were found to consist of mixture of stereomers in relation to C-1. The major isomers were deduced to have the EZ configuration, based on spectroscopic evidence for cycloadducts obtained as discussed later. Stereomer 2 is formed in the series e together with stereomer 1. Compounds 1e and 2e are formed in 1 : 4 ratio when neat
TBDMSOTf is added to the acylimidate solution, and a 1 : 1 ratio of isomers when
TBDMSOTf is added dropwise diluted in ether. This result led us to assume the diene 2e to be the kinetic product of silylation of the acylimidate with TBDMSOTf.
Stereomer 2e was assigned as EE configuration on the basis of the spectroscopic data of cycloadduct 10 obtained along with the adduct 7e in the reaction of 1e/2e to azirine 6.
From aldehydes
2-Azadienes 4 were obtained in one pot reaction by combination of 4-5 fold excess of LiHMDS, freshly distilled aldehyde and trimethylsilyl chloride to produce the imine 5, that was further acylated in the presence of an acid chloride and triethylamine, according to scheme 2.
Scheme 2
This is a modified method of one initially used by Ghosez to generate azadienes of type 4. [5] Excellent yields were obtained in most cases. All 2-azadienes 4 referred to here are new compounds that were shown to be single isomers in solution, with the exception of 4i, where a second isomer is observed (isomeric ratio 10 : 1). The EZ stereochemistry for the compounds is assigned in accordance with a range of analogous compounds obtained before. [5] Three examples are shown below (Fig 1) :
The minor compound in series i is assumed to have the EE configuration according to other cases reported in literature for the same type of dienes. [5] Due to the instability of the 2-azadienes 4, they were identified by 1 H NMR spectroscopy and were used without purification in the cycloadditions.
Cycloadditions of 2-azadienes 1 and 2 to 2H-azirine 6
2-Azadienes of type 1a-d react at room temperature with the azirine 6 to give the cycloadducts 7 and 8 (Scheme 3). Usually the desilylated compound precipitated out of the reaction mixture as a solid that was obtained by filtration. After repeating these reactions in several conditions we find that the better yields correspond to reactions performed in very small amounts of diethyl ether. As an alternative procedure after the consumption of the azirine the reaction material was redissolved in DCM, stirred with SiO 2 followed by dry flash chromatography. Poorer yields of products 7/8 were obtained in all cases. Also treatment of the reaction mixture with tetramethylammonium fluoride gave compound 7b in a poorer yield (41 %). The primary silyloxy cycloadduct could never be isolated or even observed by 1 H NMR analysis.
The solid obtained from reaction of 1a (one stereomer) with the azirine 6 was a mixture (1 : 1 ratio) of 7a/8a in 53 % yield. Redissolution of the solid in DCM and stirring the solution with SiO 2 for 24 h gave 7a quantitatively. A single isomer 7b was obtained from 1b in 51 % yield after filtration. The starting diene contained only traces of a minor isomer. Reaction of 1c (4 : 1 mixture of stereomers) produced an oil that was treated with DCM and SiO 2 for 3 days. The crude showed two diastereomers 7c and 8c in a 1 : 1 ratio. After flash chromatography the isomer 7c was partially separated (25 %), together with a fraction containing the mixture of both isomers (33%), in total yield of 58%. Curiously the diastereomeric ratio after chromatography changed to 4.5 (7c) : 1 (8c). Reaction of 1d (2 : 1 ratio of stereomers) with the azirine 6 gave an oil which was treated with SiO 2 in DCM for 7 days. 1 H NMR spectrum of the reaction mixture showed a 3 : 1 mixture of diastereomers that were fully separated after flash chromatography as two solids, 7d (27 %) and 8d (11 %).
Scheme 3
Unexpectedly no relationship is observed between the diastereomeric ratio of the adducts 7/8 and the stereomeric ratio of the precursor dienes. In cases where the products were obtained after treatment with SiO 2 a possible explanation is the isomerization of products 8 into 7. It is also relevant that the diastereomeric ratio difference between a mixture of 7c and 8c that was enriched in 7c after flash chromatography. In series a two isomers 7 and 8 (1 : 1 ratio) precipitated out of the reaction mixture before treatment with SiO 2 , having started the cycloaddition from 1a
as a single isomer. In this case it is more plausible that the C=N bond rotation between the EZ and ZZ isomer forms can explain the isomeric ratio of adducts.
Possibly a chemical equilibrium between the EZ and ZZ forms, that is not observable in CDCl 3 solution, occurs during the cycloaddition giving the respective adducts.
Another possibility is that a step-wise mechanism rather than a concerted Diels-Alder process could operate in this case. The same could not be said about the cycloaddition of 1b where a single diene isomer gave a single cycloadduct.
Scheme 4
A crystal structure confirmed the structure of compound 7c [1] . This shows that the reaction goes through an endo approach of the azirine 6 from its less hindered face to EZ configuration of the diene 1. Also, NOESY spectra for 7c show that the 5-H and 2-Me were on the same side of the molecule. On the other hand the minor isomer 8c
showed 7-H to be on the same side of 2-Me, which would be explained for the same endo approach of the less crowded face of the azirine to the minor diene isomer ZZ (Fig 2) . Further support for the difference between the diastereomers 7 and 8 in 2-C is obtained by hydrolysis of compounds 7c and 8c which gave the same product 12 as seen ahead (Scheme 6). On reacting a mixture of dienes 1e and 2e (1 : 4 ratio) with the azirine 6 a white solid formed after stirring the reaction mixture for 7 days at room temperature. The solid was analysed by 1 H NMR showing it to be a mixture of diastereomers identified as 7e and 10, in 1.2 (7e) : 1 (10) ratio. This is another case besides a and b where a solid is isolated, without previous contact with silica. As in case a the isomeric ratio of dienes does not match with the isomeric ratio of cycloadducts. So the observations made for the case a can now be used to explain to case e. Flash chromatography partially separated 7e (30%) as a white solid together with a mixture of 7e and 10 (21 %) also as a solid, total yield 51%. The NOESY spectrum of 7e showed the methoxy group at 2-C in the proximity of 7-H and the methyl group at 5-C close in space to 7-H. On the other hand the NOESY spectrum of the minor isomer 10 showed proximity between 5-H and 7-H, which would rule out structure 8 and strongly suggests structure 10 instead (Fig 3) . Structure 10 should be formed from attack of the less hindered face of the azirine on the less stable diene configuration EE. The hydrolysis product of compound 10 confirms a different configuration of the stereocentre 5-C of this compound related to structures 7 and 8 as seen later. Cycloaddition preparations of series e showed that starting with a mixture of dienes 1e and 2e (ca. 1 : 1 ratio) and with a mixture of dienes 1e and 2e (ca. 1 : 4 ratio) isomers 7e and 10 formed in the same isomeric ratio
(1 : 1). This leads us to propose that an isomerization takes place about 3-C to 4-C in the diene during the course of the reaction.
1 H NMR spectra of compounds 7c and 8c showed the influence of the ethoxyl group through space on protons 5-H and 7-H. When this proximity is observed the 5-H and 7-H protons suffer a shift to lower field in the spectra. In compound Table 1) .
Cycloadditions of 2-azadienes 4 to 2H-azirine 6
2-Azadienes of type 4a-i react at room temperature with the azirine 6 to give the cycloadducts 11 as single isomers. Products were generally obtained in good yields 
Hydrolysis of the cycloadducts
Heating an ether solution of 7a afforded the hydrolysis product in trace amounts.
Compound 12a could be obtained pure in 74 % yield when a solution of 8a in THF was treated with aq. HCl (1 eq.) diluted in THF. Also, a mixture of 7c and 8c was treated the same way to give product 12c in 87 % yield (Scheme 6). As both diastereomers 7c and 8c gave the same hydrolysis product this confirms the stereochemistry of adducts discussed above.
Scheme 6
The hydrolysis of the mixture of 7e/10 (1.2 : 1 ratio) produced a different result. In this case two products 12e and 13 ( Fig 4) were obtained (1.2 : 1) that were characterized after separation by dry flash chromatography. 
Scheme 7
Major features for assignment of structures 12, 13 and 15 are the two doublets due to the NH-CH moiety of the aziridine ring coupling J ca. 9 Hz at 2.5 -3.5 ppm ( 
General Procedure for the Synthesis of the N-Acylimidates
Triethylamine recently dried was added in one portion to a solution of the imidate hydrochloride in dry DCM, stirred at room temperature under nitrogen. The acid chloride was added dropwise to the reaction mixture. Stirring was continued for another 30 min., and dried petroleum ether 40 -60 ºC (40 mL) was added. The reaction mixture was filtered over celite and the filtrate concentrated to a residual oil that was redissolved in dry petroleum ether 40 -60 ºC (20 mL) and passed again over a pad of celite. The filtrate was concentrated to give a pale yellow oil that was identified as the respective acylimidate by 1 H NMR spectroscopy.
Ethyl N-acetylacetimidate 3a 
General Procedure for the Synthesis of the 2-Azadienes 1 and 2
Triethylamine recently dried was added in one portion to a solution of the acylimidate in dry ether stirred at room temperature and under N 2 . tert-Butyldimethylsilyl triflate diluted in dry ether was added dropwise. After the addition was complete the reaction mixture was placed in the freezer for 10 min.. The reaction mixture was allowed to reach room temperature and the ethereal phase was separated and the lower phase washed with dry ether (2 x 25 mL). The organic layers were combined, dried and the ether evaporated. A pale brown oil was obtained that was shown by 1 H NMR to be the respective 2-azadienes expected, contaminated with a variable amount of the starting acylimidate.
4-Ethoxy-2-(tert-butyldimethylsilyloxy)-3-aza-1,3-pentadiene 1a
Reaction mixture: ethyl N-acetyl acetimidate 3a (0.82 g, 6.82 mmol, 1 eq.), dry diethyl ether (25 mL), triethylamine (1.05 mL, 7.59 mmol, 1.1 eq.), tertbutyldimethylsilyl triflate (1.58 mL, 6.90 mmol, 1 eq.), diluted in dry diethyl ether (10 mL 
2-Ethoxy-4-(tert -butyldimethylsilyloxy)-3-aza-2,4-hexadiene 1b
4-Ethoxy-1-phenyl-2-(tert-butyldimethylsilyloxy)-3-aza-1,3-pentadiene 1c
Reaction 
1-Methoxy-1,4-diphenyl-3-(tert-butyldimethylsilyloxy)-2-aza-1,3-butadiene 1d
Reaction mixture: ethyl N-acetylphenyl benzimidate 3d (0.74 g, 2.93 mmol, 1 eq.), dry diethyl ether (25 mL), triethylamine (0.45 mL, 3.22 mmol, 1.1 eq.), tertbutyldimethylsilyl triflate (0.67 mL, 2.93 mmol, 1 eq.), diluted in dry diethyl ether (10 mL 
Synthesis of 2-Azadienes 4
Method A To 1,1,1,3,3,3-hexamethyldisilazane (1 eq.) was added n-butyllithium (1,6 M in hexanes, 0.9 eq.) over a 5 min. period. The reaction solution was kept under magnetic stirring for 15 min. at room temperature and then cooled in an ice/water bath. Dry THF (the amount needed for 0.6M of LiHMDS) was added and the mixture stirred further for 20 min.. A solution of the aldehyde (1 eq.) freshly distilled in dry THF was added over a 7 min. period and the resulting solution stirred for 30 min..
Trimethylsilyl chloride (0.9 eq.) was added in one portion and the stirring continued for 30 min. Triethylamine (1.1 eq.) was added followed by the acid chloride (1.3 eq.)
in dry ether. The cooling bath was removed and the mixture was stirred at room temperature for 2 hours. The inorganic salts were filtrated off over celite and the ether was removed in the rotary evaporator to give the crude product, as a solid or an oil.
Method B
To lithium 1,1,1,3,3,3-hexamethyldisilazanate (4-5 eq.) in dry ether, cooled at 0 ºC and in N 2 atmosphere was added the aldehyde (1 eq.) freshly distilled in dry ether over a 5 min. period. The cooling bath was removed and the reaction mixture was stirred for 3 hours at room temperature. Then the reaction mixture was cooled to 0º C again and trimethylsilyl chloride (1.3 eq.) added in one portion. After stirring the reaction mixture at 0º C for 5 min., the bath was removed and the mixture stirred at room temperature for 1 h 15 min.. After this time, triethylamine (1.1 eq.) was added in one portion followed by dropwise addition of the acid chloride (1.3 eq.) in dry ether. The reaction mixture was transferred to an water bath at 30º C and the stirring was continued for another 2 h.. The inorganic salts were filtrated off over celite and the ether was removed to give the crude product as a solid or an oil.
1-Phenyl-3-trimethylsilyloxy-2-aza-1,3-pentadiene 4a
1-(4-Fluorophenyl)-3-trimethylsilyloxy-2-aza-1,3-butadiene 4c
1-(4-Fluorophenyl)-3-trimethylsilyloxy-2-aza-1,3-pentadiene 4i
General Procedure for the Cycloaddition Products 7 and 8
To a solution of the 2-azadiene dissolved in dry ether, methyl 2-(2,6-dichlorophenyl)-2H-azirine-3-carboxylate was added in one portion. The reaction mixture was stirred at room temperature under N 2 for 3 to 7 days, after which the reaction was complete according to TLC (DCM). In some cases a white solid precipitated out of the reaction mixture and was characterized as the cycloadduct 7 or the cycloadduct 8 or a mixture of 7 and 8. In other cases no precipitate was formed. The solvent was removed, the residual oil dissolved in DCM and SiO 2 was added. The mixture was stirred for several days at room temperature, SiO 2 was filtered off, the solvent was removed leaving an oil that was subject to dry flash chromatography (SiO 2 , diethyl ether / petroleum ether 40 -60 ºC, polarity gradient) to give the respective cycloadducts 7
and 8, as a white solids. a) 6-C may coincide with OMe at δ 52.4 ppm.
Methyl 7-(2,6-dichlorophenyl)-2β-ethoxy-2α-methyl-4-oxo-1,3-diazabicyclo[4.1.0] heptane-6β-carboxylate 8a
4-Ethoxy-2-(tert-butyldimethylsilyloxy)-3-aza-1,3-pentadiene 1a (0.63 g, 2.59 mmol, 1 eq.), methyl 2-(2,6-dichlorophenyl)-2H-azirine-3-carboxylate 6 (0.57 g, 2.33 mmol, 0.9 eq.), dry diethyl ether (15 mL 
Method B
To a solution of the 2-ethoxy-4-(tert-butyldimethylsilyloxy)-3-aza-2,4-hexadiene 1b (0.68 g, 2.64 mmol, 1 eq.) dissolved in dry ether (15 mL) methyl 2-(2,6-dichlorophenyl)-2H-azirine-3-carboxylate 6 (0.58 g, 2.37 mmol, 0.9 eq.) was added in one portion. The reaction mixture was stirred at room temperature under N 2 for 5 days, until complete according to TLC (DCM). The reaction mixture was evaporated and the residual oil was dissolved in DCM (10 mL). Tetrabutylammonium fluoride (1.37 mL, 4.74 mmol, 1.8 eq.) was added. The mixture was stirred for 45 min. at room temperature and then washed with water (2 x 15 mL). The organic layer was dried over MgSO 4 and the solvent removed giving an oil that was kept in the freezer for 48 h. A white solid was formed and washed with diethyl ether (0.38 g, 42%), that proved to be the title compound as shown by a comparison (NMR, TLC) with the specimen obtained previously. 
General Procedure for the Cycloaddition Products 11
To the crude 2-azadiene in ether was added the methyl 2-(2,6-dichlorophenyl)-2H-azirine-3-carboxylate 6 (0.9 eq.) at room temperature. The progress of the reaction was followed by TLC until disappearance of the starting azirine. In most cases products precipitated pure (11b, 11c, 11d, 11e, 11f, 11g ) and were washed with cold ether. In cases 11a, 11h and 11i the reaction mixture gave an oil or a mixture of an oil and a solid that were combined and subjected to dry flash chromatography. 
General Procedure for the Hydrolysis Products 12, 13 and 15
To a solution of the pyrimidone or of the mixture of diastereomeric pyrimidones in THF was added dropwise HCl diluted in THF, in an ice/water bath. After the addition was complete the mixture was stirred at room temperature for 1 h. THF was partially 
